ABSTRACT High-affinity [3H]serotonin binding activity has been solubilized from bovine cerebral cortical membranes by using Triton X-100, Tween-80, and octyl-fi-D-glucopyranoside. The present report describes the solubilization of high-affinity [3H]serotonin binding activity from bovine frontal cortical membranes. This procedure, employing a mixture of detergents that can be removed from the solubilized preparation, gives a very high solubilization yield and preserves high specific binding. Preliminary pharmacologic and physical characterizations are presented.
Serotonin binding activity in the solubilized preparation is stable to Sephacryl S-300 column chromatography and to glycerol gradient sedimentation. Saturation analysis of the peak binding fractions from both these procedures once again yields curvilinear Scatchard plots, indicating that the multiple high-affinity binding components are preserved and migrate together. The molecular weight, Stokes radius, and frictional coefficient of the binding site(s) have been calculated. After detergent removal the solubilized material shows many of the characteristics usually attributed to SI receptors, such as high affinity for r3H]serotonin and its analogs and low affinity for serotonin antagonists.
Abundant evidence exists that serotonin is an important central neurotransmitter involved in depressive disorders (1) , pain perception (2) , normal mood and affect, infantile autism (3) , and sleep (4) . Radioligand binding assays have been used to study the receptors that may mediate these actions. According to Peroutka et aL, serotonin binding sites may be classified as SI or S2 (5), based on their affinity for different classes of ligands.
The S1 binding site has ahigh affinity for [3H] serotonin and [3H]-lysergic acid diethylamide (nanomolar Kd) and a low affinity for spiperone (micromolar Kd), is GTP-sensitive, and is thought to be positively coupled to a serotonin-sensitive adenylate cyclase.
The S2 receptor has high affinity for [3H]lysergic acid diethylamide and [3H]spiperone and a low affinity for serotonin.
Other studies have suggested that division into SI and S2 receptors may be too limiting. Multiple serotonin receptor subtypes have been described with (i) different brain regional localizations (6); (ii) different physiologic functions (7, 8) ; (iii) ontogenetic variations (9) ; (iv) modulation by guanine nucleotides (10) 4 and was homogenized as a 10% (wt/vol) suspension in a Teflon glass grinder. The homogenate was centrifuged at 580 x g for 10 min. The pellet was discarded and the supernatant was centrifuged at 50,000 X g for 20 min. washed in a small volume of 0.32 M sucrose, diluted with 25-28 vol of distilled water, mixed, and recentrifuged at 50,000 X g for 20 min. The pellets were resuspended in a small volume of 0.32 M sucrose solution and incubated for 15 min at 300C. Approximately 10-15 vol of cold distilled water were then added and the suspension was centrifuged at 40,000 X g for 25 min. The opalescent grey-white pellet was resuspended in 3-4 vol of distilled water, sonicated (25 W, 5 sec), diluted with distilled water, and centrifuged at 50,000 X g for 25 min. The pellet was resuspended in distilled water, snap-frozen, and stored at -80°C. This fraction, which consisted primarily of lysed synaptosomal membranes, is designated the "crude" membrane fraction.
Protein Determinations. Protein determinations were performed by using the Amidoschwartz stain technique (15) or by
The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. [3H]Serotonin Binding to Solubilized Membranes Before and After Detergent Removal. Saturation analysis of the solubilized fraction showed a shift to a monophasic curve in the presence of detergents, with an apparent Kd of 50-100 nM (Fig.  1 Middle). Removal of detergents by dialysis and polystyrene bead adsorption returns the binding kinetics of the solubilized fraction to the curvilinear high-affinity activity observed in the crude membranes (Fig. 1 We employed the procedure of Siegel and Monty (21), in which the gel-chromatographic and glycerol sedimentation data are combined, to obtain a molecular weight corrected for particle asymmetry. Our calculations assumed a single [3H]serotonin binding species. This is a reasonable approximation, because even if more than one distinct binding species exist, they are probably similar in size and shape, as they comigrate with two different physical separation procedures. The corrected physical parameters for the high-affinity [3H]serotonin binding site were calculated to be: Mr, 58,000; Stokes radius (Ro), 3.9 nm; frictional coefficient (f/fo), 1.53; and axial ratio, 10 (assuming a prolate ellipsoid shape). The high frictional coefficient and axial ratio indicate that the binding site(s) has the properties of highly asymmetric proteins. Large frictional coefficients have been reported for another membrane-bound complex, the energy-transducing mitochondrial ATPase, and may be due to binding of detergents and phospholipids and the structuring of solvent molecules around hydrophobic sections of the proteins (22).
DISCUSSION
The present study demonstrates the solubilization of high-affinity [3H]serotonin binding activity from bovine cerebral corProc. Nad Acad. Sci. USA. 80 (1983) (i) The binding sites may represent interconvertible forms of a single protein moiety, as appears to be the case for some opiate and y-aminobutyric acid (GABA) receptors (23, 24) . For these receptors, this interconversion is mediated by sodium ions. Our preliminary data indicate that addition of sodium to the assay medium in concentrations as high as 200 mM does not cause a similar type of interconversion. (iii) The multiple binding components may represent physically independent sites. However, if physically distinct types of high-affinity serotonin binding molecules exist, they are likely to be of similar size and shape, because they comigrate during exclusion chromatography and velocity sedimentation. Previous studies have suggested the binding species may be distinct and have implied that the two components can be partially separated by subcellular fractionation (19) . 
